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FRONT COVER KEY

Superposed solar active region images from the Hinode X-Ray Tele-
scope show coronal loop temperature structure. The blue and green
regions are hot coronal plasma near 10 MK.

The launch of a sounding rocket carrying an HSD payload to look at
d particle and field interactions. HSD uses suborbital experiments to
develop and test instruments as well as to conduct scientific research.

Technology development is a key aspect of the work done at HSD.
The Plasma Impedance Spectrum Analyzer (PISA) being integrated
onto the FASTSat spacecraft at GSFC.

Solar Probe Plus will be the first mission to skim the outermost layers
of the Sun’s atmosphere to discover how plasma processes in the
corona accelerate the solar wind to speeds from 200 to 2000 km/s.

Comparing model results directly with observations is key to validat-
ing the models and understanding of what the observations can re-
veal. Here a 3D loop simulation has been used to generate the signal
that would be seen in Fe IX and X at 171A (~1 MK).

A spectacular result from the IBEX spacecraft. This is an all-sky map
of the interaction of the Sun’s magnetic fields with those of inter-
stellar space.

Sophisticated 3D visualizations have become indispensible tools for
modelers in HSD. A magnified view of a model of two vortices in the
Earth’s magnetosphere shows their rotation direction and speed.

Coronal mass ejections are some of the most violent and spectacular
phenomena in our solar system. All the complex physical processes
involved can only be truly understood by using 3D MHD simulations
in conjunction with observations.

New materials can lead to advances in instrumentation. A very robust
telescope mirror made from simulated lunar regolith materials opens
the possibility of producing large optics on the Moon.

Education and public outreach is a central theme to the work that we
do in HSD. We organize events that illustrate to the public the impor-
] tance of the work that is done by the heliophysics community.

The thermosphere is a layer of the Earth’s atmosphere that absorbs
the highly variable solar UV radiation, which can significantly
change its temperature structure. The effect of a solar eclipse on the
thermosphere was captured by TIMED.
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FOREWORD

This report presents the scientific, technolo- - — - -
gical, and flight project achievements of the | Heliophysics is one of the four primary dis-
. . ciplines that form the framework for
Goddard Space Flight Center (GSFC) Heli- | nasa’s Strategic Plan for Earth and Space
ophysics Science Division (HSD) for FY09. | science.
HSD consists of 299 scientists, technolo-
gists, engineers, education and public out- | GSFC has critical enabling roles in nearly
reach specialists, and administrative person- all Heliophysics science missions including

1 dedi d d . K led mission formulation and development, in-
nel dedicated to advancing our knowledge | sirymentation, data systems, and science

and understanding of the Sun and the wide | theory, analysis, and modeling.
variety of domains influenced by its varia-
bility. HSD made important contributions to the
C/NOFS, STEREO, TWINS, IBEX, Cassini,
and MESSENGER missions in 2009.

HSD’s Mission is to explore the Sun’s inte-
rior and atmosphere, discover the origins
of its temporal variability, understand its influence over the Earth and the other pla-
nets, and determine the nature of the interaction between the heliosphere and the local
interstellar medium.

Our major activities include:

e Leading science investigations involving flight hardware, theory, modeling, and data
analysis that will answer the strategic questions posed in the Heliophysics Roadmap;

e Leading the development of new solar and space physics mission concepts and sup-
porting their implementation as Project Scientists;

e Providing access to measurements from the Heliophysics Great Observatory (HGO)
through our Science Information Systems;

e Communicating science results to the public and inspiring the next generation of
scientists and explorers.

Our strategic goals are to:

e Open the frontier to space environment prediction;
e Understand the nature of our home in space;

e Safeguard the journey of exploration.

This year HSD scientists completed and delivered three new flight instruments — the
Thermospheric Temperature Imager (TTI), the Plasma Impedance Spectrum Analyzer
(PISA), and the Miniature Imager for Neutral Ionospheric atoms and Magnetospheric
Electrons (MINI-ME). The Instrument Scientists, J. Sigwarth (670), D. Rowland (674),
and M. Collier (673), respectively, are to be congratulated on this important milestone.
These instruments were developed jointly with the US Naval Academy under the aegis of
the Department of Defense’s Space Test Program. They will fly on the MSFC FASTSat
which will be launched in May 2010.

The Magnetospheric MultiScale (MMS) mission, Project Scientist M. Goldstein (673), is
now in Phase C. Critical to its success will be the Fast Plasma Instrument led by T.
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Moore (670). The Critical Design Review for MMS and the Fast Plasma Instrument will
be held later this year.

The Solar Dynamics Observatory (SDO), Project Scientist D. Pesnell (671), has com-
pleted all environmental tests and is at Cape Canaveral awaiting launch.

FY09 also saw the selection of HSD scientists and their strategic partners at other institu-
tions for many new flight instrument, sounding rocket, science data system, and theory,
modeling, and analysis tasks. Chief among these excellent results was the selection of the
Spectral Imaging of the Solar Environment (SPICE) instrument for the Solar Orbiter mis-
sion. SPICE is the result of strategic partnership between J. Davila and D. Rabin (both
671) and D. Hassler of the Southwest Research Institute in Boulder. When Solar Orbiter
is on-station later in the next decade, SPICE will provide the first close-up views of the
effects of the explosive release of magnetic energy in the Sun’s atmosphere during flares
and CME:s.

HSD scientists published 298 papers in refereed scientific journals in FY09 of which
39% had one of our scientists as first author. We also gave 230 presentations at 74 differ-
ent conferences (see Appendix 2 for details).

Noteworthy among the publications are the IBEX and MESSENGER articles in Science
which announced discoveries that are pushing back the frontiers of heliophysics. The
IBEX team has produced the first all-sky map of the outer limits of our solar system us-
ing energetic neutral-atom (ENA) imaging techniques. It shows a bright band of ENA
emission believed to be caused by the impact of the galactic magnetic field on the helios-
phere. These results give the large-scale context to the point measurements recently made
by Voyager. The MESSENGER mission to Mercury has provided the first observations
of magnetic reconnection for the extreme solar wind conditions typical of the inner solar
system. Analysis of these new measurements has led to the conclusion that magnetic re-
connection at Mercury proceeds at a rate that is nearly an order of magnitude higher than
at Earth. These results are of particular importance because magnetic reconnection occurs
throughout the heliosphere and it is the primary energy source for all of the forms of
space weather that are most important for our nation’s space infrastructure.

Other important science results included the initial published images of the global distri-
bution of precipitating energetic ions in the Earth’s upper atmosphere, using the new
ENA cameras flying on the TWINS spacecraft. Cluster scientists also discovered that so-
lar wind turbulence dissipates via kinetic Alfvénic waves, a result that may have pro-
found implications for our understanding of how the solar corona is heated. SOHO and
STEREO measurements have been used to probe the exciting and perplexing extended
solar minimum. The EUV telescopes on these missions provide independent views of the
inner solar corona from three different vantage points covering (currently) over 300-
degrees of the solar surface. Similarly their coronagraphs work together to define the
structure of the outer corona from just above the solar surface out to beyond the Earth’s
orbit. C/NOFS observations of the terrestrial effects of the deepest solar minimum in 100
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years have revealed the weakest levels of ionization in the upper layers of the Earth’s io-
nosphere ever measured.

Individual scientists and teams from HSD garnered many important professional honors
in 2009. Keith Ogilvie was awarded the NASA Distinguished Service Medal, the highest
honor that NASA confers. Tom Moore was elected a fellow of the American Geophysical
Union, an honor conferred on not more than 0.1% of AGU members in any year. Roger
Thomas and Doug Rabin received the NASA Exceptional Service Medal. HSD personnel
were part of a number of teams that received NASA Group Achievement awards, includ-
ing the C/NOFS VEFI, Cassini Plasma Spectrometer, MESSENGER, EUNIS, and Sun-
Earth Connection Forum teams. Sten Odenwald won the American Astronomical Society
Solar Physics Division Popular Science Writing Award. Alex Glocer received the Ralph
Baldwin Award in Astrophysics and Space Science from the University of Michigan for
his PhD thesis.

Last, but certainly not least, we are very pleased to have had seven new civil service
scientists join HSD in FY09. They are Steven Christe (671), Adrian Daw (671), Errol
Summerlin (672), John Dorelli (673), Deirdre Wendel (673), Peter Schuck (674), and
Larry Kepko (674). Of the 299 people in HSD, 61 (20%) are civil servants, 23 (8%) are
co-located civil servants from other divisions, 116 (39%) are contractors, 18 (6%) are
emeritus, 12 (4%) are NASA Postdoctoral Fellows, and 66 (22%) are university scien-
tists.

Further news and developments regarding our organization and facilities, instruments,
missions, and science highlights can be found on our Website (http://hsd.gsfc.nasa.gov/).
We thank you for your interest in our programs, and welcome feedback via the website.

—James A. Slavin, Director
NASA GSFC Heliophysics Science Division
December 2009
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PREFACE

This document summarizes the work performed in FY09 by members of HSD who con-
ducted research, developed models, designed and built instruments, managed projects,
and carried out numerous other activities that have made significant contributions to un-
derstanding the domain of the Sun. Unfortunately only a small fraction of these activities
can be even briefly highlighted in this report.

In the main body of the report we describe the scientific studies that heliophysics encom-
passes and the components of the HSD program at GSFC that help the heliophysics
community achieve its goals. As part of the HSD program, we do a great deal of scientif-
ic research. This is summarized in Appendix 1. Appendix 2 lists the publications and
presentations made by members of HSD in FY09. In Appendixes 3 and 4, we give a brief
description of both operational heliophysics missions and planned missions. We use
many acronyms throughout the report, which are in common usage and so are not inde-
pendently defined in each section; acronym definitions are given in Appendix 5.

The production of this report was guided by Holly Gilbert, HSD Associate Director for
Science, who, together with Keith Strong (SP Systems), assembled the contributions and
checked the report for accuracy, made suggestions regarding its content, and contributed
to several sections. Julia Saba (SP Systems) and Yvonne Strong (American Society for
Microbiology) helped with the scientific and technical editing, and Elizabeth Serago
(ADNET Systems Inc) and Keith Feggans (Sigma Space Corp) contributed by compiling
the large HSD bibliography. Graphics support was provided by Robert Kilgore (TRAX
International and TIMS). Many others in HSD helped with useful and constructive sug-
gestions concerning the organization of this report and its content.

Holly Gilbert and Keith Strong
December 2009
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HSD’s goal is to further our scientific understanding of the nature and origins of the
ever-changing physical conditions throughout the vast volume of space controlled by
the Sun, and in which humanity will function for the foreseeable future.

INTRODUCTION

Heliophysics is the study of the domain of the Sun—the heliosphere—from the nuclear
core in the center of the Sun where hydrogen is transmuted into helium, producing the
energy that drives changes throughout the entire solar system, to the edge of interplaneta-
ry space where the solar wind and magnetic fields cede control of the local physical con-
ditions to the interstellar medium. That represents over 10° AU’ suffused with outflowing
plasma, magnetic fields, and solar radiation, with temperatures ranging from near abso-
lute zero to over 20 MK.

The heliosphere is an interconnected network of physical processes driven by a relentless
but varying outflow of energy from the Sun in the form of electromagnetic radiation from
y-rays to radio emissions, ionized and neutral particles, and magnetic fields. All these
forms of solar emissions interact in different ways in the wide range of environments
from the hot solar interior, through the Sun’s thin surface layers, into the extended solar
corona, and throughout interplanetary space to the very edge of the solar system. Along
their tortuous path, these emissions interact with different planetary environments, com-
ets, asteroids, and interstellar gas—each with its unique response to the changing solar
stimuli. HSD’s goal is to understand this system of systems.

Accomplishing this goal involves the study of the complex interactions between electro-

magnetic radiation, plasmas, and magnetic fields, with three principal objectives:

e To understand the changing flow of energy and matter throughout the Sun, solar at-
mosphere, heliosphere, and planetary environments

e To explore the fundamental physical processes that characterize space plasmas

e To define both the origins and the societal impacts of variability in the Sun—Earth sys-
tem

There are four major physical domains that encompass HSD’s mission: the Sun, the inner

heliosphere, geospace, and the outer heliosphere.

The Sun

The Sun generates not only energy, but also magnetic fields. The solar dynamo, com-
bined with both radial and latitudinal differential rotation, generates magnetic fields and
stores vast amounts of energy in them. Convection in the outer layers of the Sun and the
natural buoyancy of the flux ropes drag these strong fields (>10* G) to the surface, as
evidenced by the presence of sunspots and faculae, which change the solar spectral irra-
diance that provides the energy to drive Earth’s weather and climate system. Thus a sub-
stantial and persistent change in solar irradiance could significantly affect Earth’s cli-
mate.

Energy is transported from the solar core region (the inner 20% of the solar radius) by
photon radiation out to about 70% of the solar radius. Then convectional transport takes

1
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over, carrying most of the energy to the surface of the Sun—the photosphere—where the
optical depth of the solar plasma drops, so that much of the energy can be radiated away
into space. The falling temperature gradient as the energy flows outward seems well un-
derstood; however, just above the relatively cooler surface layers, the temperature of the
plasma rises rapidly again to form a 1-MK corona. The physical processes involved in
creating and maintaining the corona are not yet completely understood.

Chromospheric Magnetic
Evaporation Dynamo

’~ Flow "\
Caonvection® &

a3

Irr;:&iance
Variability

Solar Wind " ' "‘

Acceleration !

Magnetic {
Activity Cycles

The anatomy of the Sun

The energy stored in the solar magnetic fields is often released suddenly by magnetic re-
connection to produce flares and CMEs. Flares produce emissions from y-rays to radio
wavelengths, accelerate solar energetic particles, and transport material from the lower
layers of the atmosphere up into the hot corona via chromospheric evaporation, accom-
panied by ejection of material away from the Sun. CMEs are vast ejection events that can
grow to be many times the size of the Sun and at times move with velocities exceeding
2000 km/s.

Another type of mass outflow from the Sun is more continuous but also highly variable:
the solar wind, which flows out along the spiraling solar magnetic field with velocities of
between 300 and 700 km/s and having various temperatures, densities, and compositions.
The manner of its acceleration is still not completely understood.
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The Inner Heliosphere

This is the region between the Sun and Jupiter that is filled with outflowing, supersonic
solar wind and frozen-in spiraling magnetic fields—the Parker Spiral. The streams of so-
lar plasma evolve significantly as they pass through this region, where fast streams of so-
lar wind plough into slower-moving streams, forming shocks. Transients, such as CMEs,
reshape the ambient environment. Some CMEs move faster than the local solar wind,
building up high-density fronts that form shocks where particles are accelerated to ex-
tremely high energies. CMEs can expand as they move outwards, leaving low-density
regions behind the propagating front.

Electrons flowing along the
- large-scale magnetic field
- lines, thus producing radio
" bursts of various types,
show which field lines re-

ANNSA WY
; NWEARNS. NN main connected back to the
JM( (& N 3@”\\\\\ \\\\ Sun and which ones have

R SPEER— VL/////”H f\\\’} \\\\ \\\\ reconnected.

[ socwmuin SR -//'///// / WA\
NG WSS ESECTION: ) _ ) \ \ \ | Because of the spiral nature
e of the fields, Earth is better
connected to the western
hemisphere  of the Sun;
thus an event near the west
limb of the Sun is more
likely to be geoeffective
than one in the eastern he-
misphere. Photons take only eight minutes to arrive at Earth from the Sun, and high-
energy protons can be detected a few minutes later, whereas material from a CME event

seen on the Sun may take up to three days to arrive.

A CME propagates through the heliosphere towards Earth

Geospace

Earth’s magnetic field acts as a barrier
to most of the harmful particle fluxes
originating from the Sun. Much of the
solar wind is deflected around the mag-
netosphere, which forms a teardrop-
shaped shield around Earth. The shape
and size of the magnetosphere change
as solar wind conditions vary. Earth’s
magnetic field is compressed within
about 10 Earth radii (Rg) on the sun-
ward side of the planet and stretched
out by many tens of Rg on the anti-
sunward side.

Structure of the magnetosphere
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At the location where the solar wind and Earth’s magnetic field collide there is a bow
shock region. The faster and denser the solar wind is, the more the fields are compressed
and stretched. The direction of the interplanetary field profoundly influences the effects
seen; a CME with an oppositely directed magnetic field will more likely reconnect, al-
lowing more energetic particles to enter geospace, and producing a more energetic geo-
magnetic storm. The fields become weak and disorganized as they interact in the magne-
tosheath. The surface where Earth’s magnetic pressure is balanced by the solar wind is
called the magnetopause; it often ripples and flaps in the solar wind, and parts constantly
reconnect magnetically and break away. In the polar region, there is a path where the so-
lar particles have easy access to Earth’s magnetosphere—this is the cusp region.
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Some of the complex physical processes that occur when incoming radiation and
charged particles interact with Earth’s dynamic atmosphere

Closer to Earth, a completely different set of closely coupled processes occur. Here, solar
UV radiation has one of its primary effects. UV light from the Sun, especially when en-
hanced by flare emissions, heats the neutral atmosphere thus increasing the temperature
with height in the thermosphere. Gravity waves are also present in this layer and drive
changes in the neutral atmosphere as they propagate up from below. The high-energy X-
ray and UV photons partly ionize the neutral particles and create another intermittent
layer of charged particles — the ionosphere. At times of high solar activity, these physical
processes of heating and ionization are similarly intensified and cause increased scale
height leading to increased satellite drag, interference with HF radio communications,
and larger GPS errors.

High-energy electrons and protons become trapped in the Van Allen radiation belts. The
outer belt gathers electrons from the aftermath of geomagnetic storms and substorms, ac-
cumulating enough plasma pressure to produce a ring-shaped current around Earth that
substantially inflates the geomagnetic field. The inner belt originates from cosmic rays
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interacting with the upper atmosphere. Charged particles spiral along the field lines, mir-
roring as they descend into the stronger polar fields.

The Outer Heliosphere

The characteristics of the helios-
phere change significantly past the
orbit of Jupiter—this area is called
the outer heliosphere. Here, the
solar wind and transients interact
with the gas-giant planets, which
are very different from their rocky
cousins in the inner heliosphere.

» In this region, the nature of the
el outflowing plasma also changes;

: the interplanetary magnetic field
becomes mostly azimuthal and
hence is perpendicular to the solar
wind flow; and solar transients and

The boundary between the Sun’s domain and interstellar . .
space interplanetary shocks catch up with

each other and form large, global
merged interaction regions. In addition, a larger portion of the solar wind is composed of
photoionized interstellar neutral particles, known as pickup ions.

With increasing distance from the Sun, the particle and field pressure of the solar wind
decreases until it reaches pressure balance with the local interstellar medium. This boun-
dary is called the heliopause. However, before reaching this boundary, the solar wind
slows abruptly below its supersonic speed at the termination shock, and starts deflecting
towards the heliotail, and continues slowing in the region known as the heliosheath. The
interaction of the heliosphere with the interstellar medium is analogous to the deflection
of the solar wind around Earth’s magnetosphere. It is postulated that the interstellar plas-
ma could also flow at supersonic speeds, necessitating the existence of an external bow
shock and a pileup of interstellar particles upstream of the heliosphere, known as the hy-
drogen wall. In addition to low-energy neutral particles, the extremely high-energy galac-
tic cosmic rays also enter the heliosphere, but not without first being modulated by the
periodically varying heliospheric magnetic fields. The termination shock and heliosheath
are thought to also be the source of an extra, anomalous component of the cosmic rays
observed at Earth.
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HSD is an internationally recognized research organization dedicated to the further-
ance of scientific understanding of all aspects of heliophysics.

THE HSD ORGANIZATION

At the end of FY09, HSD was composed of 299 scientists, engineers, and other staff sup-
ported by a small management and administrative team. Of the 299 people in HSD 61
(20%) are civil servants, 23 (8%) are co-located civil servants, 116 (39%) are contractors,
18 (6%) are emeritus, 12 (4%) are NASA Postdoctoral Fellows, and 66 (22%) are univer-
sity scientists working under cooperative agreements.

HSD is divided into four Laboratories, each with its own Chief, as shown in the figure
below. HSD is supported primarily by competitively awarded funding from the NASA
Science Mission Directorate with the remainder made up of assigned NASA tasks, GSFC
research and development investments, and funding provided by other Federal agencies.

Science & Exploration
Code 600
Director — Nick White

Earth Sciences || Astrophysics Heliophysics Scien Division | Solar System
Code 610 Code 660 Code 670 Code 690

Director Director Director — James Slavin Director
Franco Einaudi Bill Oegerle Deputy Director - Thomas Maore Anne Kinney
- - Assistant Director — Michael Horn
Senior Scientists Associate Director for Science — Holly Gilbert
Jgg;;fn%afpylfa Assac. Dir. for Science Info. Systems — Robert McGuire

Richard E, Hartle Business Management Officer - Teresa Mautino
John Sigwarth

Solar Physics Heliospheric Physics Geospace Physics Space Weather
Lab. Chief 671 Lah. Chief 672 Lah. Chief 673 Lah. Chief 674

Douglas Rabin Adam Szabo Melvyn Goldstein Michael Hesse

The responsibilities of HSD include:

e Scientific Research: HSD staff working as principal investigators (Pls), Co-
investigators (Co-Is), instrument scientists, and flight team members have published
298 papers and given over 230 presentations at 74 different scientific meetings in
2009 (see Appendixes 1 and 2 for details).

e Project and Mission Scientist Assignments: HSD provides the project and mission
scientists who manage operating heliophysics missions, as well as missions in devel-
opment (see the Missions sections, Appendixes 3 and 4, for details).
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e Future Mission and Instrument Concept Development: HSD provides scientific lea-
dership and technical support for science mission concept development and formula-
tion.

e Data and Modeling Centers: HSD scientists lead and operate four major centers that
provide critical data services and simulation and modeling services to the heliophys-
ics community. They are the Space Physics Data Facility, the Solar Data Analysis
Center, the Heliophysics Data and Modeling Consortium, and the Community Coor-
dinated Modeling Center. These centers are funded directly by NASA and reviewed
periodically by NASA Headquarters-appointed external committees.

e Education and Public Outreach (E/PO): HSD scientists, led by the Associate Director
for Science, carry out a variety of E/PO tasks supported by Project and competitively
awarded funding.

Like many Government, academic, and industrial research laboratories that perform basic
and applied research in specialized areas, HSD has experienced recruitment challenges in
replacing retirees and recruiting new staff to attain its research goals while achieving
greater ethnic and gender diversity in the HSD workforce. For this reason, HSD is active-
ly recruiting within the university community to attract new postdoctoral, cooperative
agreement, and civil service scientists. Seven new civil service scientists joined HSD in
FY09. They are S. Christe (671), A. Daw (671), E. Summerlin (672), J. Dorelli (673),
E.D. Wendel (673), P. Schuck (674), and L. Kepko (674). HSD also has other student
development programs to attract more young researchers to space science and retain the
most promising candidates.
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HSD’s goal is to provide a safe and efficient work environment, consistent with being
a center of excellence for heliophysical research.

FACILITIES

HSD has people located in several buildings on the GSFC campus, primarily Buildings
21, 22, and 26. Following the opening of Building 34, plans are in place to consolidate
the entire Division into Building 21 next year. Once this is completed, all HSD personnel,
offices, laboratories, computer rooms, and other facilities will be housed in the same
building for the first time, which will facilitate more efficient intra-divisional communi-
cations, critical for project and mission success.

Examples of the new clean rooms (left) and laboratory facilities (right) that are now installed in Bldg. 21

In FYO09, the renovation of Building 21 continued. Initial design for all building renova-
tions has been completed, and construction projects are scheduled for the next 18 months.
The most extensive project is the expansion and rehabilitation of the Space Plasma In-
strument Facility. The original laboratory configuration included a 753-square-foot (ft%)
clean room and a 935 ft* laboratory space, and housed an electron vacuum chamber and
an ion vacuum chamber. Once the expansion is completed in late 2009, the Plasma La-
boratory will have a 1200 ft* clean room, a 1000 ft* laboratory space, and an additional
electron chamber. Completed renovation projects included updating two conference
rooms and upgrading office space.
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With a strong scientific base, HSD can function effectively to support and promote a
vital heliophysics program at NASA

2009 SCIENTIFIC HIGHLIGHTS

While it would not be practical to feature, in detail, all the scientific accomplishments of
the HSD team in an annual report, a few outstanding examples of work that was success-
fully completed in FY09 are presented in this section. A short summary of individual
scientific contributions is given in Appendix 1, and a more extensive list of publications
and presentations can be found in Appendix 2.

IBEX Discovers Bright Ribbon of ENA Emission

The Interstellar Boundary Explorer (IBEX) spacecraft has released the first ever all-sky
maps of the interactions occurring at the edge of the solar system, where the Sun's influ-
ence diminishes and meets with the interstellar medium. Because the region emits no
light, IBEX collected ENAs traveling in from the interstellar boundary at velocities from
150,000 to more than 4 million kph.
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The ribbon of ENAs observed by IBEX mapped to a model heliopause surface. The arrows show the
postulated orientation of the local interstellar magnetic field lines.
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ENAs are created in the heliosheath, where the solar wind interacts with neutral particles
drifting in from the interstellar medium. ENAs can be created anywhere, but most come
from this interaction region where the solar wind becomes slower, hotter, and more tur-
bulent.

IBEX has two large particle detectors that collect ENAs from a range of velocities. As it
spins, IBEX views an annulus of the sky that sweeps the entire sky in half a year, and
then resweeps it during the next 6 months of its 12-month orbit around the Sun.

The surprising result is that there appears to be a strong impact of the galactic magnetic
field on the heliosphere—in the form of a bright ribbon of ENA emission. The galactic
magnetic field drapes around the heliosphere, and, as best as the scientists can tell, the
bright ribbon is where the magnetic field lies parallel to the boundary.

The IBEX all-sky maps also put observations from the Voyager spacecraft in context.
The twin Voyager spacecraft, launched in 1977, traveled to the outer solar system to ex-
plore Jupiter, Saturn, Uranus, and Neptune. In 2007, Voyager 2 followed Voyager 1 into
the heliosheath. They are now in the midst of the region where the ENAs collected by
IBEX originate.

However, whereas the Voyagers give two pinpoint "weather station" views of the inters-
tellar boundary region, IBEX provides an all-encompassing "weather satellite" view. The
IBEX results show that much of the activity is happening away from the two Voyagers
and would not have been discovered without IBEX.

IBEX is the latest in NASA's series of low-cost, rapidly developed Small Explorer space
missions. SWRI developed and leads the mission with a team of national and internation-
al partners. GSFC manages the Explorer Program for NASA's Science Mission Directo-
rate.

For more details about IBEX, see Appendix 3.
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Stereo Views of the Ring Current from TWINS

Early data from the TWINS spacecraft, the first ENA “stereo” mission, are showing the
exciting scientific potential of stereoscopic observations using all-sky ENA imaging to
continuously monitor the 1-60 keV ions in the Earth’s ring current. The results of a recent
analysis, independently confirmed by another mission, show the quality and utility of
such observations.

When TWINS launched in June 2008, the Sun was in its extended solar minimum state
but, on 2008 June 14/15, a small substorm was triggered by a recurring high-speed stream
in the solar wind. SOHO EIT observed the large trans-equatorial coronal hole near the
central meridian of the Sun that was its source region. A pair of simultaneous 40-minute
exposures from TWINS 1 and 2 taken on 2008 June 15 starting at 0600 UT show the dis-
tribution of 10-keV hydrogen ENAs (the two images on the left side of the figure).

06:00-06:40 UTC 15 June 2008
10 heV observation simulation

ring current

W "
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=
-

The parent ion (ring current) distribution is unfolded from the ENA images by forward
modeling of the ENA emission. The equatorial ion distribution (upper-right panel) is spe-
cified using a 32-parameter model. The parameters are adjusted until the simulated ENA
images (middle section of figure) match both of the TWINS 1 and 2 images.

In a further illustration of how various components of the HGO can work together,
THEMIS-D passed through the ring current region at the time of TWINS observations.
Its orbit (dotted line) is over-plotted on the ENA images and ion distributions. The graph
(lower right) shows the excellent agreement between the ion flux profile from the THE-
MIS nightside passage (red line) with the equivalent profile from the TWINS forward-
modeled data (white line).

11
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Cluster Spacecraft Discover How Solar Wind Turbulence Dissipates

Measurements of the solar wind temperature, taken between 0.3 AU and more than 10
AU from the Sun, have shown that heat is being added continuously to the solar wind. It
has been known for decades that the solar wind is turbulent. In turbulent fluids, large tur-
bulent regions produce smaller regions in a cascade that proceeds to very small scales
where the motions finally dissipate and the energy goes into heat.

The amount of heat that can be produced by dissipating turbulence in the solar wind is
about what is needed to explain the observed decrease in temperature with distance from
the Sun. Although there are many theories of how the waves are dissipated, earlier in-
strumentation was not able to observe the dissipation directly. Solving this problem is of
fundamental importance to our understanding of how the solar corona is heated. New ob-
servations made by experiments on the ESA/NASA Cluster mission have indicated one
significant channel by which the turbulence dissipates.

The analysis used several instruments on Cluster, including STAFF (Spatio-Temporal
Analysis of Field Fluctuation), designed to measure high-frequency magnetic waves, the
low-frequency (fluxgate) magnetometer (FGM), and the electric fields and wave experi-
ment (EFW). Dr Fouad Sahraoui, a NASA Fellow (also LPP), Dr Goldstein (673), Dr
Robert (LPP), and Dr Khotyaintsev (Institute of Space Physics, Sweden) found that solar
wind turbulence extends down to scale sizes on the order of the electron gyroradius (from
10° km to ~2 km) and, that at least for the conditions observed, electrons efficiently
damped the fluctuations.

The fluctuations were found to be kinet-
ic Alfvénic fluctuations that were in a
state of strong turbulence. This is the
first direct observation of the dissipation
of solar wind turbulence at these small
(electron) scales. The fact that the turbu-
lence consists of kinetic Alfvén waves
rather than, say, ion cyclotron waves
that interact predominantly with the
magnetic energy in the solar wind, may
have profound implications for theories
of how the solar corona itself is heated.
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First measured spectrum of magnetic turbulence cas-
cade in the solar wind, from large scale (10°km) down
to the electron scales (~3 km). It reveals two new
ranges of scales (blue and green curves) never before
explored.
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STEREO and SOHO Monitor Extended Solar Minimum

Since 2007, the Sun has been in the longest period of minimum-activity conditions in 100
years. The Sun was spotless for almost three quarters of 2008; magnetic flux and coronal
activity levels dropped even further during the early part of 2009, although recently the
Sun has shown signs of returning life with minor new-cycle activity.

Solar cycles during the first few decades of the Space Age had relatively active minimum
phases. STEREO and SOHO together offer unprecedented coverage of the current longer,
lower-level cycle minimum and the transition from solar cycle 23 to cycle 24. SOHO has
provided a 13-year-plus baseline for solar coronal and magnetic activity from cycle min-
imum to minimum from L1. STEREO gives “behind the limb” views of the corona and
CME activity that are invisible from a near-Earth or L1 perspective. Several GSFC scien-
tists are using STEREO CORI1 data to improve our understanding of the solar cycle by
developing daily 3D tomographic models of the corona, which can be tested before the
coronal structure becomes increasingly complex with rising activity. These models allow
the unambiguous determination of the region of origin of CMEs in the streamer belt,
more accurate computation of CME mass than previously possible, and clearer insight
into streamer recovery. CMEs play a key role in determining the mission profiles of LEO
spacecraft and in planning extended human spaceflight missions beyond the protective
shield of the Earth’s magnetosphere.

Top panel: Two views of coronal structure contrasting the last (1996) and the current
solar minima (2009) as observed by SOHO. Note how during this extended minimum
the corona has not simplified to a simple dipolar structure as it normally does. Lower
Panel: Full-disk images of the solar corona taken at 195 A (STEREO B, SOHO, and
STEREO A, respectively), on 2009 November 17.

13
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“O wad some Power the giftie gi’ us; To see ourselves as others see us!” Robert Burns

HSD HONORS AND AWARDS

In FY09, members of HSD won a large number of
honors both internal to NASA and from external organ-
izations. HSD has a peer award system where members
of the group are nominated and selected by their peers
for an annual award. Here is a list of the awards won by
members of HSD in FY09:
e Keith Ogilvie was awarded the Distinguished Ser-
vice Medal, the highest award that NASA confers
e Tom Moore was elected a fellow of the American
Geophysical Union, awarded at the Spring Meeting ' 1,1 Moore receiving his fellow-
of the AGU in Toronto ship award at the AGU
e Roger Thomas, Donald Fairfield, and Doug Rabin
received the prestigious NASA Exceptional Service Medal

SAGU SAGU
IONORS ~ HONORS

CAGU
HONORS

e Joe Davila received the Goddard Award for Leadership for his role in organizing the
International Heliophysics Year

e Adolfo Vinas received the Goddard Award for Mentoring

e David Sibeck and Rob Pfaff received GSFC’s Exceptional Achievement Award

e Sten Odenwald won the AAS Solar Physics Division Popular Science Writering
Award_for 2008 for the article “Bracing for a Solar Superstorm” (Scientific American,
August 2008)

e Michael Horn received the Goddard Award for Management

e Aaron Roberts was awarded a NASA Special Service Award for his work on the He-
liophysics Data Environment and the Data Policy

e Alex Glocer received the Ralph Baldwin Award in Astrophysics and Space Science
from the University of Michigan for his PhD thesis.

e The EUNIS team, led by Doug Rabin, won a NASA Group Achievement Award

e John Cooper and Ed Sittler were part of the Cassini Plasma Spectrometer team, which
won a NASA Group Achievement Award

e Eric Christian received a NASA Group Achievement Award as part of the Sun-Earth
Connection Education Forum Team

e Doug Rowland was part of the C/NOFS VEFI team which was awarded a NASA
Group Achievement Award

e Shing Fung accepted the NASA Group Achievement Award for the Radio Plasma
Imager Team for the IMAGE mission

e Jim Slavin was part of the MESSENGER team which was awarded a NASA Group
Achievement Award

14



GSFC Heliophysics Science Division 2009 Science Highlights

e Jack Ireland won an Outstanding Achievement award from ADNET Systems, Inc,

and a NASA HGI award “Surveying active region oscillations”

e Ed Sittler received a NASA Special Act -- Individual Award from HSD for his lead
authorship of the chapter "Energy Deposition Processes in Titan's Upper Atmosphere
and Its Induced Magnetosphere" in the book "Titan from Cassini-Huygens"

e Tom Narock was awarded a HSD Peer Award, 2009, for critical support of multiple

projects within HSD

e Jan Merka, Kathy Starling, and Zoe Rawlings won HSD Peer Awards

e Zoe Rawlins also received the Goddard Award for Secretarial/Clerical Staff

e Len Burlaga won a Superior-Performance Peer Award

e Dean Pesnell received the Editor’s Citation for Excellence in Refereeing from Geo-

physical Research Letters

e Anand Bhatia, Richard Drachman, and Aaron Tempkin were named Outstanding Re-

ferees by the editors of Physical Reviews and Physical Review Letters.

HSD was awarded a number of new research grants:

Multiscale Theory and Modeling of Solar Reconnection' Spiro Antiochos
Establishing Links Between Solar-Wind and Topside-lonospheric Robert Benson
Parameters'

Hybrid Kinetic Model for Europa Surface and Atmospheric John Cooper
Interaction with the Jovian Magnetosphere”

Lunar Surface Origins Exploration (LunaSOX)' John Cooper

Fermi Solar Flare Observations'

Brian Dennis

Particle Transport in Quasistationary and Transient States of the
Magnetosphere'

Mei-Ching Fok

Heliosphere with New Observations and Modeling Techniques'

The Community Coordinated Modeling Center: Supporting the Michael Hesse
Research Community and Space Weather Operations Through
Tonosphere-Thermosphere-Mesosphere Modeling Services’

Neutral-Ion Coupling and Wind Shear Effects in the Daytime Lower Robert Pfaff
Tonosphere'

Analysis of C/NOFS Satellite Electric Field and Magnetic Field Robert Pfaff
Observations in Earth's Ionosphere and their Space Weather Impact*

VISIONS: Understanding the Sources of the Auroral Wind' Doug Rowland
Understanding Interplanetary Shock Dynamics in the Inner Chris St Cyr

The Characteristics of Flux Transfer Events'

Dave Sibeck

Analysis of Titans Interaction with Saturn's Magnetosphere using
Cassini Titan Flyby'

Ed Sittler

15
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These were won under a number of different opportunities:

1. ROSES 2008
. ROSES 2007

2
3. Upper Atmospheric Research Section (UARS) Facility Program
4

. Air Force Office of Scientific Research

HSD also participated with members of the heliophysics community as Co-Is on a num-
ber of successful proposals for the ROSES 2009 opportunity:

Input from Solar Wind Dynamic
Pressure Enhancements to the
Magnetosphere-lonosphere-
Thermosphere System

Firefly on Demand Joanne Hill USRA Doug Rowland
Optical Effects in NASA's Fleet of | Craig SWRI Jim Klimchuk
Solar Telescopes DeForest

Modeling the Heating and the Leon Ofman | CUA Aldofo
Acceleration of Multi-ion Solar Figueroa-Vinas
Wind Plasma

Generalized 3D Magnetosheath Yongli Wang | UMBC Dave Sibeck
Specification Model

Modeling the Effects of Energy Eftyhia Zesta | AFRL Dave Sibeck
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Heliophysics missions consist of an intricate network of space observatories
that monitor the Sun’s variability and its effects on the entire solar system, life,
and society.

HSD PROJECT LEADERSHIP

Heliophysics covers a vast volume of space from the center of the Sun to the edge of in-
terstellar space. HSD looks at diverse physical processes from magnetic reconnection to
particle acceleration, shock formation to convection, and thermal conduction to nonther-
mal heating. This requires the use of many different observing techniques, both remote
and in situ, from a variety of vantage points. In recent years, it has become apparent that
little further progress will be made unless these phenomena are studied as a “system of
systems.”

A fleet of spacecraft, referred to in NASA Headquarters parlance as the Heliophysics
Great Observatory (HGO), is currently being flown. Each mission is addressing its own
aspect of the problems that HSD is trying to unravel. HSD is the nexus of these projects,
having a management role in all but three of these missions and scientific participation in
all of them (see the table below).

SOLAR MISSIONS
_ﬁ_ TRACE

' : Hinode
STEREQ ..

SOHO .l " C/NOES

SOLAR WIND/
HELIOSPHERIC -, "
MISSIONS %

Voyager 1 & 2 GEOTAIL

€ THEMIS GEOSPACE
= MISSIONS

-

The HGO: Currently, heliophysics has three missions observing the ionos-
phere, mesosphere, and thermosphere regions; four missions observing the
magnetosphere; six missions sampling the solar wind and heliosphere; and
six missions observing the Sun. These make up a powerful combination of in
situ and remote-sensing instruments.
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IBEX 2008 Oct 19 | Bob MacDowall (GSFC) Outer heliosphere
C/NOFS 2008-Apr-16 | Rob Pfaff (GSFC) Ionospheric scintillations
AlIM 2007-Apr-02 | Hans Mayr (GSFC) Mesospheric clouds
THEMIS 2007-Feb-17 | Dave Sibeck (GSFC) Substorms
STEREO 2006-Oct-25 | Joe Gurman (GSFC) CMEs
Hinode 2006-Sep-22 | John Davis (MSFC) Solar magnetic fields
SORCE 2003-Jan-25 | Robert Callahan (GSFC) Solar irradiance
RHESSI 2002-Feb-05 | Brian Dennis (GSFC) High-energy flares
TIMED 2001-Dec-07 | Dick Goldberg (GSFC) Thermosphere, ionosphere,
mesosphere
Cluster 2000-Jul-16 | Mel Goldstein (GSFC) Particle / magnetic field inte-
2000-Aug-09 ractions
TWINS 2000-Mar-25 | Mei-Ching Fok (GSFC) Magnetosphere
TRACE 1998-Apr-01 | Joe Gurman (GSFC) Solar atmosphere
ACE 1997-Aug-25 | Tycho von Rosenvinge Solar wind
(GSFC)
SOHO 1995-Dec-02 | Joe Gurman (GSFC) Solar interior, magnetic activ-
ity cycle, corona, solar wind
Wind 1994-Nov-01 | Adam Szabo (GSFC) Solar wind
Geotail 1992-Jul-24 | Guan Le (GSFC) Dynamics of the magnetotail
Voyager 1 1977-Sep-05 | Ed Stone (JPL) Heliosphere
Voiaier 2 1977-Aug-20
Solar Terre- Jim Slavin (GSFC)
strial
Probes
Living With Chris St. Cyr (GSFC)
a Star

The Ulysses, Polar, and FAST missions completed operations in FY09.

Appendix 3 briefly outlines (in reverse chronological order) the purpose and status of
each of the current heliophysics missions and GSFC’s role in them.
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“The best present is a future”—the next-generation instruments and spacecraft will
gather data in new ways from new vantage points, creating a vibrant future for helio-
physics.

DEVELOPING FUTURE HELIOPHYSICS MISSION CONCEPTS

At the moment, there are a number of future heliophysics missions in various stages of
development. Key to the future of the HGO and the strength of this discipline are vitality
of its strategic vision and the pipeline of new space missions that are required to realize
the vision. These missions always build on past scientific achievements and technical ca-
pabilities, but it is essential that they produce more than incremental results and that some
of the more challenging missions be undertaken not in spite of, but rather because of, the
challenges they present to heliophysics and NASA. All of these missions are part of the
Solar Terrestrial Probe (STP) or the Living With a Star (LWS) program. Heliophysics
expects a steady stream of grassroots-developed, Pl-led Explorer missions that will
achieve more focused, nearer-term science objectives. There are mission-of-opportunity
payloads on other government and commercial spacecraft, and collaborations involving
international missions (as with Hinode and SOHO). GSFC HSD scientists serve as study
scientists and as members of the Science and Technology Definition Teams of these mis-
sions.

SOLAR MISSIONS

-]
L

Ve > =)

RBSM/ISTP

Solar
Orbiter

Solar
Probe
Plus

SOLAR WIND/

HELIOPHYSICS GEDSPACE
MISSIONS MISSIONS

The next-generation HGO elements. Two missions will focus on the ionosphere, mesophere, and thermosphere
regions; three missions will solve key questions regarding magnetic reconnection and charged-particle accelera-
tion in the magnetosphere; four missions will measure the solar wind, determine its acceleration mechanism in

the corona, and its evolution as it moves out into the heliosphere; and four missions will probe the outer layers

of the Sun, its atmosphere, and the eruption of flares and coronal mass ejections.
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NASA heliophysics missions planned to fly beyond FY09:

SDO 2010 Feb Dean Pesnell (GSFC) Solar magnetic fields, corona
RBSP/ITSP | 2012 Barry Mauk (APL) Earth’s radiation belts

MMS 2013 Mel Goldstein (GSFC) | Magnetosphere

Solar 2017 Chris St. Cyr (GSFC) High-resolution solar imaging
Orbiter

SP+ 2018 Robert Decker (APL) Origin of the solar wind

The nature and timing of the missions may change as a result of the NASA Heliophysics
Roadmap study and the National Research Council (NRC) decadal survey. Appendix 4
provides some of the details of each of these missions.
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HELIOPHYSICS EDUCATION AND PUBLIC OUTREACH

Activities in formal and informal education, public outreach, and public affairs contribute
greatly to the impact of the Division’s scientific endeavors on current and future genera-
tions. Dr Holly Gilbert, Associate Director for Science, leads the effort to coordinate and
propagate the most effective ventures toward our outreach goals to communicate helio-
physics scientific discoveries and advances, raise public understanding of space weather
impacts, and inspire the next generation of American space scientists.

HSD projects and programs also respond directly to NASA Education and SMD E/PO
requirements, which include attention to partnerships, sustainability, a focus on customer
needs, and diversity. Key to the success of these activities has been the involvement of
many enthusiastic HSD scientists, whether directly interfacing with audiences, providing
access to data, or simply confirming accuracy of product content.

The E/PO Leads for ACE,
Hinode, SDO, SOHO, and ]
STEREO, and the entire
Sun-Earth Day team, reside
at GSFC. A significant
change in the HSD E/PO
structure occurred when the
Sun-Earth Connection Edu-
cation Forum ended in Sep-
tember 2009. This 11-year
partnership between GSFC
and UCB facilitated helio-
physics E/PO efforts across
the country.

Division E/PO staff fre-
quently provide presentations and workshops at educational conferences and other ve-
nues, sharing the science and interacting with these important audiences to learn how best
to meet their needs. Coordinating efforts whenever possible, the teams work together as
well as with strong partners outside NASA. Along with day-to-day work, the HSD E/PO
group routinely contributes to community service, assisting each other with proposal de-
velopment, on review panels, and with professional development presentations at com-
munity meetings. Several personal, project, and funding awards were received in the last
year, including the AAS/SPD Popular Science Writing Award, an HSD Peer Award, and
NASA grants covering several projects. SECEF received a NASA Group Achievement
Award.
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HSD team members staff the GSFC Integrated E/PO Strategy Group, Education Policy
and Implementation Teams, and their working groups. They regularly interact and coor-
dinate with the GSFC Education Chief and the new Assistant Director for Science Com-
munication. Strategic coordination and collaboration within HSD, with other GSFC pro-
grams, throughout NASA, with universities, and with other organizations extend the im-
pact and make optimum use of resources.

The following sections provide an overview and sampling of the FY09 HSD E/PO Pro-
gram.

Advanced Student Research Programs

Through summer intern programs, such as the High School Internship Program and the
Science and Engineering Student Intern (SESI) program in cooperation with CUA, HSD
supported about 20 summer interns (high school and undergraduate), in addition to sever-
al graduate students through the Graduate Student Summer Program. HSD supported two
students in the Cooperative Education Program, an important educational link between
college-level academic study and full-time meaningful work experience, through a work-
ing agreement between GSFC and several educational institutions. The Graduate Student
Researchers Program (GSRP) provides qualified graduate students, in residence at their
home institutions, with fellowship support on research projects of mutual interest to the
student and the GSFC mentor; in FY09 HSD supported eight GSRP students. The NASA
Postdoctoral Program (NPP) provides talented postdoctoral scientists and engineers with
valuable opportunities to engage in ongoing NASA research programs; HSD currently
has 14 NPP staff members and several other postdoctoral scientists funded through
science grants.

K-12 E/PO Programs

Sun-Earth Day (SED) has the widest reach of all Division programs. It is a well-
coordinated collection of formal and informal E/PO programs, resources, and events un-
der a unique yearly theme, highlighting the fundamentals of heliophysics, space weather
research, and related missions. Events are hosted by educators, museums, amateur astro-
nomers, community groups, and scientists at schools, parks, and science centers.

This year, SED was picked up in 47 countries including the US, with nearly 50,000
teachers and 1.4 million students participating. Eight NASA Centers including GSFC
were involved. The program also develops podcasts and vodcasts, and as of this year pro-
vides updates on Facebook and Twitter. The SED website is rich in resources for every
audience and contains an extensive multimedia section that includes virtual tours of an-
cient astronomy sites. Featured activities are added each year to enhance the theme and
tell the interrelated story of the heliophysics missions.

Separate from SED, yet a significant component of it is the online Space Weather Action
Center (SWAC). SWAC provides students with the opportunity to monitor the progress
of a solar storm from its eruption on the Sun to the associated changes in Earth’s magne-
tosphere — accessing and analyzing NASA satellite data in the process. Over 3000 unique
downloads occurred during the first month after its update this year. Dozens of educators
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and over 100 students, including Native American tribal college staff members and stu-
dents as well as teachers and administrators from the Bureau of Indian Education, were
trained for SWAC, either through NASA’s Distance Learning Network or via video con-
ferencing. One of the program’s developers gave a keynote address at the 9th Interna-
tional Federation for Information Processing World Conference on Computers in Educa-
tion in Brazil.

The Space Weather Media Viewer provides access to near-real-time space weather data
and contains illustrations and visualizations for classroom or public use. Its value to SED
and heliophysics outreach in general is obvious. The major upgrade this year — with high-
er-resolution images, mission videos, easier downloads, and better descriptions of each
multimedia product — was due to input and funding from Voyager, Ulysses, Hinode,
THEMIS, STEREO, SOHO, IBEX, and ACE.

Elementary / Secondary Education

The SpaceMath@NASA website is a collection of problem sets
that teach students about astronomy and space science by using
mathematics and real-world problems. Problems are developed in
collaboration with Hinode, STEREO, THEMIS, and SDO, among
other missions, using mission science data, press releases and dis-
coveries. The site’s popularity is growing, and it is the top return
on Google for “NASA + math”.

SDO sponsors several formal education programs, including Day
= at GSFC, a field trip exposing students to a range of NASA career
options that involves meeting scientists and engineers. The Ambassador in the Classroom
program, a partnership with NASA’s Aerospace Education Services Project, brings a
scientist or E/PO professional into the class-
room to share SDO-related science lessons.
The AGU and AAS meetings have proved to
be good venues for the K-12 Educator Re-
ception, which provides local teachers with
an invaluable opportunity to collect NASA
classroom materials and interact one-on-one
with scientists.

Informal Education

Family Science Night, a monthly two-hour intensive science program for middle school
students and their families, is an HSD partnership with the Astrophysics Science Division
and the GSFC Visitor Center. Evaluation after three years shows that participants have a
positive change in attitude toward science, and that even one session improves the like-
lihood that families will engage in external science-related activities.

An E/PO team member frequently provides training in heliophysics and planetary
science, and remote telescope operation to Girl Scouts, their leaders, and their master
trainers, both at training sessions and at special events such as star parties, planetarium
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shows, “NASA Day,” and astronomy club meetings. This year, our E/PO representative
personally interacted with nearly 1500 scouts, leaders, and family members.

Public Outreach

These projects cover a wide range of activities. As part of the all-volunteer Goddard Am-
bassador program, Dr Gilbert conducts guided tours of GSFC and gives “Science on a
Sphere” presentations to outside groups.

SDO uses the most popular social networking tools such as Facebook, Twitter, YouTube,
Flickr, and Blogger to post mission status and science information to reach a wider, more
diverse public and create stronger relationships with attentive audiences. After touring
museums nationally, the Space Weather Center exhibit, developed in 2000 by a team of
heliophysics E/PO specialists and scientists, was reinstalled at the GSFC Visitor Center
and is being viewed by hundreds of students and members of the public annually. ACE’s
high-school-level Cosmicopia cosmic ray and heliospheric science website includes over
400 unique "Ask a Physicist" questions and answers; the last year saw a 10% increase in
monthly accesses (averaging over 370K) and a 40% increase in unique users.

AstroZone (held at AAS), a.k.a. Exploration Station (at AGU), is a science open house to
share NASA hands-on activities with local families, alongside local science exhibitors,
that encourages involvement beyond the initial event. Co-developed by the SDO E/PO
Lead, the program is a partnership with the Rochester Institute of Technology Center for
Imaging Science Insight Lab with the support of the SDO Project Scientist and scientists
from other divisions and institutions.

Public Affairs

Several HSD scientists have made appearances on national media, including Discovery,
National Geographic, and History channels as well as local news. GSFC also has the
Scientific Visualization Studio (SVS) producing superior quality images, animations, and
data visualizations for a wide range of heliophysics communications and science activi-
ties, including press releases, live presentations, print publications, television, and video
documentaries. SVS debuted the “Sentinels of the Heliosphere” film, which highlights
NASA’s HGO fleet, at the SIGGRAPH 2009 International Conference and Exhibition on
Computer Graphics and Interactive Techniques, where it was nominated for an Academy
Award — http://svs.gsfc.nasa.gov/goto?3595.

Other successful FY09 heliophysics stories include:

e “Sun Often ‘Tears Out A Wall’ In Earth's Solar Storm Shield” (12/16/08)
http://www.nasa.gov/mission_pages/themis/news/themis_leaky shield.html

e “How Low Can It Go? Sun Plunges into the Quietest Solar Minimum in a Century”
(04/01/09)  http://www.nasa.gov/topics/solarsystem/features/solar_minimum09.html
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e “NASA’s STEREO Spacecraft Reveals the Anatomy of Solar Storms” (04/14/09)
http://www.nasa.gov/mission pages/stereo/news/solarstorm3D.html

e “Tiny Flares Responsible for Outsized Heat of Sun’s Atmosphere” (08/14/09)
http://www.nasa.gov/topics/solarsystem/features/nanoflares.html

HELIOPHYSICS E/PO ON THE WEB

AstroZone -- http://sdo.gsfc.nasa.gov/E/PO/families/astrozone.php

Cosmicopia -- http://cosmicopia.gsfc.nasa.gov

Exploration Station -- http://sdo.gsfc.nasa.gov/E/PO/families/explore/explore.php

Family Science Night -- http://sdo.gsfc.nasa.gov/E/PO/families/fsn.php

Sun-Earth Day -- http://sunearthday.nasa.gov

SpaceMath@NASA -- http://spacemath.gsfc.nasa.gov

Space Weather Action Center -- http://sunearthday.nasa.gov/swac

Space Weather Media Viewer -- http://sunearth.gsfc.nasa.gov/spaceweather/
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The E/PO Team

The HSD E/PO Team

Holly Gilbert
HSD Associate Director for Science,

manages HSD E/PO activities, including

collaborative efforts with the Public Affairs and Education Offices.

Beth Barbier
ACE E/PO Lead, Extraordinary Matter
website Pl, 13 years experience with HSD and
ASD projects, proposals, program/
product review, and facilitating communication
between and within Divisions.

Steele Hill
SOHO and STEREQ E/PO Lead,

SDO Media Specialist, for 14 years
has responded to media requests, created
videos, and produced E/PO products t
o get solar mission imagery to the public.

I
f

Troy Cline
Educational Technology Coordinator,
10 years experience developing programs
that include cross-cultural education,
podcasting, graphic and product design,
social networking, and public speaking.

Elaine Lewis
20 years teaching experience
and a Masters degree in Curriculum
Development. Elaine uses these skills for
the formal education community who
participate in SED and SWAC.

—

Emilie Drobnes
SDO E/PO Lead,

8 years leading development of award-winning
programs that change perceptions of science
and infuse in the public a better
understanding of our closest star.

1
Aleya Littleton
SDO Formal Education Coordinator.

After teaching middle school science,
Aleya joined the team last year to develop
engaging solar-related materials and programs
for DG area science teachers.

Lou Mayo
NASA Afterschool Astronomy Clubs Pl
planetary scientist,
and Marymount University
professor of astronomy, with over 20 years
experience leading NASA education programs.

Sten Odenwald
E/PO lead for Hinode and
SpaceMath@NASA, developing
new math problems for middle and
high school students featuring

Carolyn Ng
10 years experience
working with HSD E/PO leads,
coordinating many activities and resources
for Sun-Earth Day, especially
for informal and minority outreach.
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NASA missions and their discoveries.

Andrew Wolt
SDO E/PO Logistics Coordinator,
integral part of the team handling details
that make programs like Family
Science Night, Day at Goddard,
and Exploration Station run smoothly.
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International Heliophysical Year (IHY)

Although THY officially closed at the beginning of 2009, several activities continued
throughout FY09 and beyond. These programs were selected because they required more
time to complete (such as Whole Heliosphere Interval analysis, and scientific
publications and sessions presenting IHY results), or because of the importance of
continuing the activity to ensure long-term success. In particular, the instrument
deployment and scientific collaboration programs with developing nations must continue
if there is to be an impact on the researchers’ participating nations.

A new UN program called the International Space Weather Initiative (ISWI) was
established to continue legacy activities of the IHY UNBSS program. ISWI was initiated
at the February 2009 IHY closing ceremony at the UN in Vienna. A steering committee
has been established, and the first instrument coordination workshop took place on 2009
November 19-20 in Rabat, Morocco. Additionally, an ISWI space science school for
graduate students is being planned for Autumn 2010 in Ethiopia.

UNITED NATIONS ar 1 "
OFFICE FOR OUTER SPACE AFFAIRS Studies in Space Policy

[ B.J. Thompson
the woridwide \zdtion
i Hellophysical Year 2007 | N.Gopalswamy

J.M. Davila
H.J. Haubold
Editors

Putting the“l”in IHY

TheUnited Nations Report

for the International
""Helmp_hysmalYear 2007

C E E F'l
\E_nng_ erWienNewYork 1o
The 100-page IHY final report was A 370-page book on the IHY science, instru-
published and distributed by the ment development, outreach and history activ-
UN. ities in 78 nations was published in 2009 by
Springer Press. The book is available on ama-
zon.com
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The congruence of expertise and experience in HSD makes it a natural center for lea-
dership in the design and implementation of science information systems.

SCIENCE INFORMATION SYSTEMS

NASA builds and flies heliophysics spacecraft and instruments to collect observational
data and improve understanding of the heliophysical system and its detailed processes in
a classic research wheel.
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The heliophysics science challenge is to understand consistently the physics and coupling
of this “system of systems” over many spatial and temporal scales. Science information
systems are then key to drawing data and science both from individual science investiga-
tions and across the boundaries of the individual missions and instruments of the HGO.
In addition, NASA’s Heliophysics Data Policy (see links on http://hpde.gsfc.nasa.gov)
demands open and useful access to NASA data by the broad national and international
science research community to ensure full scientific return to the public on NASA’s in-
vestment in science missions and investigations.

The congruence of instrument design, physics, modeling, data analysis, and information
technology expertise and experience makes HSD a natural center for leadership in the
design and implementation of science information systems (SIS), working in close part-
nership with the external science and technology communities. Categories for systems
currently defined in the Heliophysics Data Policy include:

28


http://hpde.gsfc.nasa.gov/�

GSFC Heliophysics Science Division 2009 Science Highlights

e Mission/Investigation Data Facilities

e Virtual Discipline Observatories (VxOs)
e Resident and Final Archives

e Science Data and Modeling Centers

e Deep Archive(s)

The evolving heliophysics data vision is a distributed set of mission and investigation da-
ta facilities closely tied to the scientists responsible for active processing of data. When
coordinated with active archives and data centers connected by Virtual Discipline Obser-
vatory (VxO) data location, retrieval, and user services, it ensures easy consolidated
access to usable data with views of the data customized to research discipline needs. In
general, heliophysicsists expect to leverage existing capabilities and services wherever
practical but to support the introduction of new technology to enable a more distributed
architecture. The first versions of the VxOs are intended to follow a “small-box” model
focused on finding fully described data relevant to research needs (e.g., selected by times
with parameters in a given data range from a selection of instruments).

Mission and investigation data facilities under HSD direction include:

e Solar Data Analysis Center (SDAC) support for SOHO, solar instruments on STE-
REO, and data from TRACE, Hinode, and other missions

e STEREO Science Center (SSC)

e C(ritical support for SDO’s distributed science archive and distribution system

e Operation of the Wind-Geotail (Polar-Wind-Geotail) ground data system

e Production of higher-level Wind (MFI, WAVES), Voyager (MAG and CRS), and
STEREO (SWAVES) instrument products

e (C/NOFS-CINDI data production

Two key HSD projects, the Space

Physics Data Facility (SPDF) and The Community's Use of SPDF Services
SDAC, are now defined as active 50000
Final Archives of non-solar and WEE OMMIWeb and Other Services
. . . Q m Z;:»;ir.;& 4D Orbit Viewer
solar imaging Qata, rF:spectlyely, =) e onwes l
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missions. They simultaneously | >\ 45000
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Data Format software, which is

mcree.lSl.ngly a Standarq self-  SpDF service usage, where an execution is a request to
describing, self-documenting for-  create a customized plot, listing, or output file.

mat for non-solar heliophysics data
products.
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A primary center of activity for Virtual Observatories, HSD leads the newly formed He-
liophysics Data and Modeling Consortium (HDMC) project for funding and coordinating
the various VxOs and Resident Archives and provides direct leadership of the original set
of VxOs selected by NASA:

Virtual Solar Observatory (VSO)

Virtual Heliospheric Observatory (VHO)

Virtual Magnetospheric Observatory at GSFC (VMO/G)

Virtual Ionospheric/Thermospheric/Mesospheric Observatory (VITMO) (as Co-Is)

and more special-interest VxOs focused to special requirements in:

e Virtual Energetic Particles Observatory (VEPO)
e Virtual Wave Observatory (VWO)
e Heliospheric Event List Manager (HELM)

HSD has active roles in the definition of the Space Physics Archive Search and Extract
(SPASE) data model intended as a common language to allow queries among the VxOs
and a foundation for the internal structure of several of them. In addition, the SPDF
project is now supporting the Virtual Space Physics Observatory interface, an effort to
comprehensively access heliophysics data holdings across these disciplines, leveraging
both the present inventories of the individual VxOs and other information sources.

The overall goal is to make better data more readily accessible to and usable by research-
ers in a given discipline across the boundaries of specific missions, instruments, and
times, using an optimal mix of existing capabilities with appropriate standards and new
technology to improve data access, and using tighter coupling to the data-providing
community to ensure that data are fully and properly described for correct and indepen-
dent future research use. HSD is looking for:

e A closer coupling of data to models

e More extensive use of distributed services through which data can piped for specific
processing or other added value

e An ongoing effort to define lower-cost science ground system design
e Implementation approaches

e More sophisticated on-board data capabilities that can lead to “sensorwebs” among
active instruments.
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The CCMC provides the tools and expertise to help support the heliophysics commu-
nity in the development of the next generation of space weather models.

COMMUNITY COORDINATED MODELING CENTER

The Community Coordinated Modeling Center (CCMC) is a US interagency activity
aiming at research in support of the generation of advanced space weather models. The
CCMC consortium consists of NASA, NSF, NOAA, the USAF Weather Agency, Direc-
torate of Weather, Space and Missiles System Center, AFRL, the Air Force Office of
Scientific Research, and the ONR. CCMC'’s central facility is located at GSFC. The
CCMC is supported primarily by NASA and NSF. At present, CCMC staff, consisting of
space and computer scientists and Information Technology professionals, is 11 FTEs.

The first function of the CCMC is to provide a mechanism by which research models can
be validated, tested, and improved for eventual use in space weather forecasting, such as
is needed for NASA’s Vision for Space Exploration. Models that have completed their
development and passed metrics-based evaluations and science-based validations are be-
ing handed off to the NOAA and USAF forecasting centers for space weather applica-
tions. In this function, CCMC acts as an unbiased evaluator that bridges the gap between
space science research and space weather applications.
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Overview of models at the CCMC

As a second, equally important function, the CCMC provides to space science researchers
all over the world the use of space science models, even if the researchers are not model
owners themselves. This service to the research community is implemented through the
execution of model “runs-on-request” for specific events of interest to space science re-
searchers at no cost to the requestor. Model output is made available to the science cus-
tomer by means of tailored analysis tools and data dissemination in standard formats.
Through this activity and the concurrent development of advanced visualization tools,
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CCMC provides to the general science community unprecedented access to a large num-
ber of state-of-the-art research models. The continuously expanding model set includes
models in all scientific domains from the solar corona to Earth’s upper atmosphere.

Science Support

CCMC science services are provided through Web access (http://ccmc.gsfe.nasa.gov).
Here, users can request calculations from more than 25 modern space science models,
which are hosted at the CCMC through very positive collaborations with their owners.

After a run request, the user will be notified via e-mail when the calculation is complete.
At this time, the run can be analyzed via tailored visualization tools, again via Web
access. These tools have been continuously refined for almost 10 years, primarily in re-
sponse to user feedback. Recently added capabilities include Poynting flux calculations,
model outputs, field-line tracing along satellite trajectories, movie generation, and time
line capabilities.
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The utilization of CCMC Run-on-Request services continues to grow rapidly. CCMC run
analysis services are also used heavily. In 2008, an average month saw 4,200 visitors,
19,200 visits, and 262,000 requests for pages. Similar statistics apply to 2009. Visualiza-
tion requests from 870 users led to the creation of 34,500 visualization pages each month.
These monthly averages continue to increase from year to year.

Furthermore, the CCMC staff continues to develop new means to support users in their
scientific studies. In the realm of visualization, OpenDx-based visualization with en-
hanced 3D capabilities is now available for a number of different model outputs. With
both OpenDx and IDL-based 3D visualizations, users can request output in Virtual Reali-
ty Modeling Language (VRML) form, which permits real-time, in-depth analysis of
complex 3D structures.
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Further science services at the CCMC include the provision of the Model Web, where a
large set of empirical or analytical models, such as the International Reference Ionos-
phere (IRI), are available for interested users for download or execution. CCMC is also
supporting space science missions, for example STEREO and THEMIS. Science mission
support includes background science information derived from routine runs and calcula-
tions in support of specific campaigns or specific science objectives.

As in the past, the future of CCMC services will be shaped by the needs of the science
community. Community input is solicited formally and informally, through meetings,
tailored workshops, and personal contacts.

Space Weather Modeling

The second focus of CCMC is bringing modern space science modeling to bear on the
needs of space weather forecasting. NASA and forecasting agencies as well as need mod-
els of proven forecasting abilities. Operational models must be robust, have accuracies
that are well understood, and be packaged in a manner that makes them easy to integrate
into existing computational environments. The operational models must also be capable
of executing reliably in real time. With these objectives in mind, the CCMC tests models
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for accuracy, robustness, performance, and portability. Model accuracy is tested in two
ways: through metric studies and through scientific validation studies. As a result, the
CCMC can characterize the usefulness of these models for the forecasting role to which
they would be applied. By testing how the models behave with a wide range of inputs, the
CCMC can establish regimes in which the models appear robust and identify regimes that
cause the models to fail. Through exposure to a range of compilers and hardware plat-
forms, the CCMC improves the portability of these models. Finally, by measuring com-
putational performance, the CCMC establishes the conditions needed for each model si-
mulation to complete in real time or better.

Performing these types of analyses on models in a protected academic environment might
produce less objective results. It is imperative that the models undergo tests in an envi-
ronment that stresses them in the same manner as will occur at the operational agencies.
Accordingly, the CCMC challenges all models by utilizing them in a quasi-operational
setting, namely the Run-on-Request facility, as well as through a real-time simulation
system. For the latter purpose, CCMC has established various real-time execution sys-
tems, starting with solar and solar wind modeling of photospheric magnetograms, and
magnetospheric calculations driven by ACE data. The establishment of these systems has
led to a wealth of expertise in the design and maintenance of real-time modeling. In col-
laboration with model owners, CCMC has created robust models of scientific and space
weather utility.

As a byproduct of real-time model execution, the CCMC staff has developed various
model products, or tools, which provide space weather-relevant information to interested
parties. Driven by a mandate from NASA/HQ, CCMC has begun to provide and collect
data sources of relevance to the NASA Exploration Initiative, and to NASA SSMO. This
information is provided to any interested entity on the Space Weather Awareness at
NASA (SWAN) Web site: http://swan.gsfc.nasa.gov.

Owing to the diversity of space weather-relevant information sources, space weather
analysis and forecasting will increasingly rely on access to distributed information pro-
viders. The SWAN site is a first step in the direction of information collection. While it,
along with further development activities supported by NASA’s Office of Chief Engi-
neer, addresses NASA’s needs primarily, this information can also support other go-
vernmental as well as commercial space weather interests. CCMC therefore has ongoing
collaborations with USAF, NOAA, international space weather interests, and commercial
enterprises in the US. An example of the latter is the Electrical Power Research Institute
(EPRI), a jointly funded agency that collaborates in the evaluation of space weather mod-
eling products for power grid uses.

More information about the CCMC and its capabilities may be found at the CCMC Web
site http://ccmc.gsfc.nasa.gov.
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TECHNOLOGY DEVELOPMENT

GSFC and NASA support new technology in the HSD through three programs. The main source
of support at GSFC is the GSFC Internal Research and Development (IRAD) program, which
funds the development of new technology to support proposals to be submitted in response to
future announcements of opportunity. The Technical Equipment program provides funding for
purchases of advanced technology equipment and replacement of outdated equipment needed to
support the development of new instrumentation. The Small Business Innovative Research
(SBIR) program provides funding to develop new flight hardware and software concepts in the
commercial sector in support of future flight opportunities.

The GSFC IRAD program runs on an annual basis for each fiscal year. An announcement of op-
portunity is released in early June describing the requirements of the opportunity for the subse-
quent fiscal year. Step-1 proposals are submitted in late June. A heliophysics proposal review
panel led by Dr Sigwarth, the Chief Science Technologist for HSD, with support from Dr Kha-
zanov meets in July to rank the proposals and recommend to the Center-wide integration panel
those proposals that should progress to the second phase. Step-2 proposals are submitted in late
July. The review panel meets again in early August to rank the Step-2 proposals and recommend
funding to the Center-wide integration panel. Funding approval by the Center-wide integration
panel is contingent on the available resources and the relative ranking of HSD proposals with
respect to other focus areas within GSFC. In FY09, a total of 14 Step-1 proposals were submitted
resulting in six projects funded by the GSFC IRAD program. An additional two projects were
added midway through the year. For these winning projects, the FY09 IRAD program funded a
total of 12.3 FTEs and an additional $570.8K for procurements in support of the selected IRAD
proposals. In FY'10, a total of 18 Step-1 proposals were submitted resulting in 11 projects funded
by the GSFC IRAD program. For these winning projects, the FY10 IRAD program funded a to-
tal of 13.5 FTEs and an additional $528.7K for procurements in support of the selected IRAD
proposals.

The new technologies supported by the GSFC IRAD program cover a broad range of heliophys-
ics topics. These technologies include radiation-tolerant ion mass spectrometers, radiation-
hardened extreme-environment ASICs; an image slicer for UV integral field spectroscopy; dep-
loyable radial imaging for velocity, electric field, and plasma density; a focal plane polarizer for
solar and heliospheric imaging; evaluation of new micro-channel plate technologies; ultrathin
windows for silicon-solid-state detector telescopes; a low-resource ionospheric sounder; a sparse
sensor array for wave interferometry; TRL elevation of an advanced ASIC for heliophysics mis-
sions and instruments; and high-precision electric gate and miniature ion-mass spectrometers.
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Closeups of TTI, MINI-ME, and PISA integrated on the FASTSat spacecraft.

The teams working on three of the instruments selected for FY09 IRAD funding have included
students from the US Naval Academy. Because of this cooperation, these three instruments — the
Thermospheric Temperature Imager (TTI), the Plasma Impedance Spectrum Analyzer (PISA),
and the Miniature Imager for Neutral Ionospheric atoms and Magnetospheric Electrons (MINI-
ME) — have been briefed to the Department of the Navy and the Department of Defense (DoD)
Space Experiment Review Boards (SERB) and selected to be included on the respective SERB
lists. As a direct consequence of this inclusion on the SERB list, TTI, PISA, and MINI-ME will
fly on the FASTSat spacecraft of the Department of Defense Space Test Program in May 2010.

36



GSFC Heliophysics Science Division 2009 Science Highlights

HSD LINE OF BUSINESS

Lines of Business (LOB) were established at GSFC in 2008 to enable the Center to integrate
priorities across all research areas. The leadership team consists of the LOB Manager, E. Park
(460); Chief Technologist, M. Johnson (550); Chief Scientist, J. Slavin (670); and New Business
Manager, J. Breed (101). Essential scientific and technical support is provided by HSD Division
Senior Staff (i.e., T. Moore, J. Sigwarth, and J. Davila). The research priorities are developed by
the HSD scientists in close communication with the LOB. These priorities then guide the alloca-
tion of the available research and development funding. Each LOB establishes yearly goals and
implementation plans focused primarily on near-term (3—5 years) new-business opportunities and
their associated technology development requirements. The LOB goals and plans are reviewed
by a Center integration team, then approved by Center management.

The HSD LOB has developed instrument roadmaps as a tool for correlating technology devel-
opment, instrument development, mission development, and future competitive or directed op-
portunities for flight. The goals, implementation plan, and roadmaps are used in Center funded
IRAD allocations, identification of technology gaps, and requests for B&P and any other availa-
ble source funding for advanced work. In its two years of operation, the heliophysics LOB has
been successful in developing a cohesive plan for heliophysics development at GSFC and in-
creasing the funding received by the Division. Specific research and development tasks are se-
lected on the basis of short proposals submitted by teams of Center scientists and engineers. The
proposals are then evaluated on the technical merit and alignment with the approved LOB stra-
tegic priorities and instrument roadmaps.

FYO09 LOB Internal Research and Development Priorities

1. Heliophysics Instrumentation
a. FASTSat
b. SP+
c. Europa — Jupiter System Mission
d. Next Generation Concepts for Sounding Rockets, Explorers, STP, LWS, and various
Solar-Planetary Missions
2. NASA Space Weather Operational Requirements — Driven Situational Awareness and Fore-
cast Technologies

FYQ9 LOB Internal Research and Development Achievements

A total of 11 IRAD proposals submitted by joint Code 500 and Code 600 teams were funded in
FY09. Together they constitute a broad portfolio of new efforts in sensor, detector, electronics,
and environmental modeling of new-technology development efforts designed to provide enabl-
ing capabilities for new flight-instrument and space-weather system implementation opportuni-
ties. Special attention is called to the IRAD-funded flight of three developmental instruments on
the Department of Defense Space Test Program — MSFC FASTSat smallsat technology mission.
The successful operation of these instruments on FASTSat will raise their Technical Readiness
Levels to 6+, and allowing them to “graduate” from their development phases and be proposed
for NASA science missions.
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APPENDIX 1: INDIVIDUAL SCIENTIFIC RESEARCH

The following section contains short summaries of the research being performed by scientists in
HSD. The organization is divided up into four groups, or laboratories, with the civil servant
complement shown in the detailed organization chart shown below.

Heliophysics Science Division
Director - James Slavin
Deputy Director - Thomas Moore
Assistant Director - Michael Horn
Associate Director for Science - Holly Gilbert
Associate Director for Science Information Systems - Robert McGuire
Senior Scientists ~ Chris St. Cyr, Joseph Davilla, Richard E. Hartle, John Sigwarth

Solar Physics Heliospheric Physics Geospace Physics Space Weather
Lahoratory Lahoratory Lahoratory Lahoratory
(671) (672) (673) ' (674)
Chief - Douglas Rabin Chief - Adam Szabo Chief - Melvyn Goldstein Chief - Michael Hesse

Phillip Chamberlin Robert Candey Mark Adrian Spiro Antiochos
Steve Christe Eric Christian Robert Benson Richard Goldberg
Joseph Davila Yari Collado-Vega Leonard Burlaga Michael Kaiser
Adrian Daw John Cooper John Dorelli Judith Karpen
Brian Dennis Nand Lal Michael Collier Maria Kuznetsova
Thomas Duvall D. Aaron Roberts Adolfo Figueroa-Vinas 3 Guan Le

Nat Gopalswamy Errol Summerlin Mei-Ching Fok Peter MacNeice
Joseph Gurman L Shing Fung Robert Pfaff
James Haas D LS N George Khazanov Douglas Rowland
Gordon Holman i i Keith Ogilvie Peter Schuck
James Klimchuk T * . Edward Sittler David Sibeck

Yoji Kondo i . o5 Deirdre Wendel

Therese Kucera . . N

David Linard Il

William Pesnell

Roger Thomas

Barbara Thompson
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Mark A. Adrian

I Dr Adrian is a thermospheric-ionospheric-magnetospheric physicist who
i joined the Laboratory for Geospace Physics (Code 673) in November 2004.
He serves as Deputy Project Scientist on the Magnetospheric Multiscale
| (MMYS) satellite constellation mission and is the Instrument Scientist for the
Dual Electron Spectrometer (DES) component of the MMS Fast Plasma In-
. vestigation (FPI). He received his BS (1989) and MS (1993) in physics from
the University of lowa and was awarded a PhD from the University of Ala-
bama in Huntsville in 2000.

STATISTICAL PLASMASPHERE
Dr Adrian supports ongoing research 2001/ 1714%7:55:47 ut
eff(?rts .in collabqration wi?:h MSFC, 2001/171/16:07:05 UT gouposITE oF
University of Arizona, University of ; ]_ 100

Iowa, and Southwest Research Institute.

Additionally, during FY09 he served on -4 = &5
several NASA and NSF peer review ; i
panels. Locally, Dr Adrian plays dual -2 3%75 ]
roles for the Small Business Innovative 22 : ég; x°°
Research (SBIR) program; both as a 5 © =ZY
Deputy Subtopic Manager for Subtopic > SQNI T 40
S1.12: Lunar Science Instruments and 2 Ogé
Technology and as a proposal reviewer. " 7 20
Dr Adrian also served as a manuscript -

referee to the Journal of Geophysical 6 : 0
Research and Space Science Reviews. cp cd o =9om B A s

(147,138)
.o, . . . eqge . Ysu (RE}
In addition to his responsibilities on

MMS, Dr Adrian continues to pursue a A statistical map of the occurrence and distribution of plas-
varied program of advancing both the maspheric H_e+ dyring the recovery phaS(_e of a geomagnetic
development of novel plasma diagnostic Istorm. The r_1|_ght5|de_ of sector_of the df';\ta is the presence of a
. . . ow-probability region associated with the formation and
instrumentation  and  basic research  gyojution of an embedded plasmaspheric trough.

reaching from the thermosphere through

the solar wind to the furthest extent of the heliosphere. During FY09 Dr Adrian lead an IRAD
effort to prototype the Electron Concentration vs. Height from an Orbiting Electromagnetic
Sounder (ECHOES): a simple, low-resource, space-based radio-sounding experiment designed to
gather measurements of the altitude profile of electron density (N¢) for implementation on future
heliophysics missions. In addition, he initiated an effort to implement and advance at GSFC a
miniaturized electron spectrometer originally developed at MSFC. The Goddard Thermal Elec-
tron Capped Hemisphere Spectrometer (G-TECHS) is a miniature spectrometer designed specifi-
cally to measure the electron distribution of planetary atmospheres. Dr Adrian also conducts re-
search into inner-magnetospheric coupling through efforts to understand the dynamical processes
that generate and circulate plasma through Earth’s plasmasphere.
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Vladamir Airapetian

Since 1995, Dr Airapetian has been an astrophysicist at GSFC (currently in
Code 671) and a Research Associate Professor at George Mason University.
He has a broad range of interests including the physics of solar coronal heat-
ing, MHD models of coronal streamers, physics of mega aurorae from extra-
solar planets around young Sun-like stars, and MHD models of stellar winds
from late-type evolved stars.

6{ Dr Airapetian has been actively working in three major areas. First, he has
..l ' developed a model that calculates 3D synthetic images of solar coronal loops
obtamed by extrapolating an observed photospheric magnetogram into the corona and nanoflare-
driven impulsive heating. By determining which set of nanoflare parameters best reproduces ac-
tual observations, he hopes to constrain the properties of the heating and ultimately to reveal the
physical mechanism. Second, Dr Airapetian has performed semi- emp1r1ca1 MHD simulations of
an equatorially confined streamer belt by using Y

observational constraints in 2.5D MHD model- [ 2o

ing. Third, he has developed a 1D HD model

of exoplanetary hot and dynamic mega aurorae

driven by the collisional heating due to preci-

pitating particles caused by the interaction of

massive stellar winds with exoplanetary mag-

netospheres. Based on the model predictions,

he suggests an observational technique to

detect and characterize extrasolar giant pla-

nets.

Dr Airapetian is currently supporting the "Co-

ronal Heating Origins of Solar Spectral Irra- s
. . . -1.1e—=02

diance" project led by Dr J. Klimchuk and
"Empirical Determination of Effective Heat —-0.00

Flux and Temperature Using Semi-Empirical

2D MHD Model of the Solar Corona and The A 2D MHD simulation of an equatorial streamers
Solar Wind" led by Dr Sittler (above) and a 3D synthetic image in 171A of the AR

NOAA 10938 (below)

His research areas are

¢ 3D modeling of solar coronal loops driven
by nanoflare heating

e Multidimensional MHD simulations of
thermodynamics and kinematics of solar
coronal streamers

e MHD and HD simulations of colliding
stellar and exoplanetary winds driven by
the wind-magnetosphere interactions

e MHD simulations of massive winds from
evolved giants.
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Sachiko Akiyama

Dr Akiyama is a postdoctoral researcher at CUA. She received her PhD in
astronomical science from the Graduate University for Advanced Studies in
March 2001. Her primary interest is solar eruptive events, such as flares, fi-
lament eruptions, and CMEs. She is also interested in the relationship be-
tween solar eruptions and related signatures of the interplanetary medium.

Dr Akiyama is working with Dr Gopalswamy and his group in solar-
terrestrial physics. Her main task is data analysis and solar source identifica-

- tion of CMEs, magnetic clouds (MCs), solar energetic particles (SEPs), etc.
She also conducts research with Dr Sterling, MSFC, regarding causal mechanisms of filament
eruptions. They perform statistical studies of eruptive prominences in quiescent regions, focusing
on the very slow rise phase before eruption.

Solar-terrestrial physics is one of the prominent topics for solar and geophysical scientists. Flares
and CMEs with huge amounts of energy (about 10 erg) have a great impact on the interplaneta-
ry medium and the environment of Earth. When strong geomagnetic disturbances associated with
large CMEs reach the Earth, an aurora or a radio disturbance is sometimes observed at high lati-
tudes.

Filament eruptions are one of the solar sources of CMEs. Though several theoretical models of
their trigger have been proposed, the prime mechanism is still a matter of debate. In a study of
the trajectories of 16 erup-

tive prominences using the- sokms  Event 98/01/03 07:42 . g vs 1009 knvs
SOHO/EIT data, all events I DS i A

show a slow-rising motion
over a long time (>12 h) be-
fore the fast eruptive motion.
The average speeds of the
slow and fast rise phases are
1.2 and 46 km/s, respective-
ly. The fast rising speed
shows a weak correlation
with the average magnetic
field strength under the fi-
lament, but the slow rising
speed does not. Of 16
events, 3 show several step-

10.5 ks 0.1 kmys ‘0 krevh

Height [x10* k]
=

o

. . . . H i E'
wise trajectories during the 16:00  00:00  08:00  16:00  00:00  08:00
slow rise phase. The dura- Time

tiqn Qf the steps decreases  Height time-plot of the eruptive filament on 1998 January 3. Blue-dashed
with time. and red-dotted lines are the start and end time of the flat speed period.

ol IE
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Spiro Antiochos

Dr Antiochos joined GSFC in January 2008 as a Research Astrophysicist in
the Space Weather Laboratory. He has been an Adjunct Professor in the De-
partment of Atmospheric, Oceanic, and Space Sciences, University of Michi-
gan, where he was the Research Supervisor for two PhD students. He ob-
tained his PhD at Stanford University in applied physics.

Dr Antiochos is Chair of the Living with a Star Targeted Research and Tech-
nology Steering Committee (TSC). He is responsible for the 2009 TSC report
(http://lws-trt.gsfc.nasa.gov/trt sc report09.pdf). He served on the PhD Thesis
Committee for Dr Justin Edmondson, U. Michigan. He also served on the Ex-
ternal Advisory Committee of the Center for Solar Research and Big Bear Observatory, New
Jersey Institute of Technology and produced the 2009 Advisory Committee report. He also
served on the “Red Team” that reviewed the Solar Orbiter Phase-A Proposal to ESA.

He is the PI of a successful proposal to the LWS TR&T Program that integrates theory work for
much of the Space Weather Lab. He was selected by NASA HQ to be Team Leader of the Focus
Team on Kinetic-Global Coupling.

Dr Antiochos’ main research theme is solar/heliospheric theory and modeling, with goals of un-
derstanding:

e The initiation of CMEs/eruptive flares, the primary
drivers of the most destructive space weather. He has
demonstrated that the breakout model produces the
observed rotation in CMEs.

e Coronal jets, one of the most ubiquitous forms of so-
lar activity and a major process coupling the corona
and wind. He proposed and demonstrated a twist re-
lease model for jets and demonstrated that it success-
fully produces the observed velocities.

e The slow solar wind; its origin has long been one of
the outstanding problems in solar/heliospheric phys-
ics. He proposed a new model for the wind (the S-
web model) based on the topological constraints to

the open-closed boundary derived in recent work. Simulation of twist release model for co-
ronal jets. Open magnetic field lines are

e Magnetic reconnection, the fundamental process  shown in white, initially closed in blue,
coupling plasma and field in the solar atmosphere and ~ and enhanced density in light blue.
the process underlying most solar activity. He demonstrated that interchange reconnection
maintains a smooth topology in the coronal field and does not lead to the mixture of open and
closed field proposed by a number of heliospheric models.
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Manuel Luna Bennasar

. B
' \\\“m L' BB Dr Bennasar is a solar physicist. He has conducting numerical investigations
= i of solar prominences and coronal heating with Dr Karpen at GSFC since
September 2009.

Dr Bennasar obtained his PhD at the University of Balearic Island, working
on transverse oscillations of flux tube ensembles of the solar corona.

—t 0 —~0a 4 Ua 1.0

/R

Transverse oscillation of a multi-stranded loop. The initial perturba-
tion produces an ordered motion of the strands, but rapidly a non-
organized motion appears.
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Robert Benson

GSFC research includes plasma wave emissions, wave-particle interactions,
solar-wind/magnetosphere/ionosphere coupling, and ionospheric electron
density gradients.

Dr Benson has a BS (geophysics) and MS (physics) from the University of
Minnesota (1956 & 1959) and PhD (geophysics) from the University of
Alaska (1963). He was a scientific member of the first wintering-over party at
the Amundsen-Scott South Pole Station (1957), Assistant Prof (teaching) in
the Department of Astronomy at the University of Minnesota (1963/64 aca-
demic yr), and NASA/NRC Postdoctoral Resident Research Associate at GSFC. He joined
GSFC as scientific civil servant in October 1965. He reviewed numerous papers for scientific
journals and books, served on a PhD examining committee, and mentored high-school students
from the National Space Club Scholars program.

He directed the GSFC International Satellites for Ionospheric Studies (ISIS) data restoration and
preservation effort that produced digital topside ionograms from a select subset of the original 7-
track analog telemetry tapes, which preserved a global sample of ionospheric topside-sounder
data covering a time interval of more than one solar cycle. This data preservation effort enabled
ionospheric topside-sounder data, dating back to 1966, to be made available in digital form.

One of Dr Benson’s current research goals is to establish links between solar-wind and topside-
ionospheric parameters based on the earlier demonstration of such a link between variations in
the solar-wind quasi-invariant (QI — the ratio of the

solar wind magnetic pressure to the solar wind ram 1.5
pressure) and the magnetospheric plasma parame-

ter f,o/fce (ratio of the electron plasma frequency to

the electron cyclotron frequency) as illustrated in

the figure. Alouette/ISIS topside-sounder data, in-
cluding recently produced digital ionograms, will

be used to determine if solar-wind drivers directly QI
modify the high-latitude topside ionosphere.

31 March 2001 (Day 90)

fpe / fce

Recent research involving magnetic field line con- 0.5
junctions between Explorer 45 and ISIS 2 indi-
cated that plasmapause field lines are located near
the minimum of the night time main (midlatitude)
ionospheric electron-density trough at low alti-

1 L PR L P |

tudes (~600 km) but at higher altitudes they are 010‘ —32 . 12 16 18
located on the sharp low latitude trough boundary. Comparison of solar-wind QI & IMAGE/RPI

polar-cap fg/fe variations near 8 Rg with a 3-hr
time shift [Osherovich et al., JGR, 2007].
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Anand Bhatia

Dr Bhatia has an emeritus appointment to work in atomic physics and solar
physics. He has worked at GSFC for more than 46 years. He obtained his
PhD from UMd.

Dr Bhatia makes theoretical atomic physics calculations. When he calculates
new atomic data, they are added to the CHIANTI database, managed by NRL.
These data sets are available freely and are being used by the solar and astro-
physical community.

Scott Boardsen

Dr Boardsen has worked at GSFC since 1993. He received his PhD in physics
from the University of lowa in 1988, where he studied electrostatic ion cyclo-
tron waves.

He is a member of the MESSENGER science team, and works on science
s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>